Tinnitus is a well-known clinical condition with subjective perception of sound that is heard only be the person affected. Previous large scale studies have reported the prevalence rate of tinnitus as approximately 11.9-25.3%. 1-3) Previous studies suggest several factors, including otologic causes, sys-temic diseases, and psychological problems that could be associated with the development of tinnitus. 4) Tinnitus is associated with a decreased quality of life (QoL), especially if it is severe. 5-7) Various modes of therapy, including medications, cognitive-behavioral therapy, and sound therapy have been tried, but their efficacy remains unclear. 8) Consequently, unresolved tinnitus leads to lack of improvement of QoL. Therefore, apart from treatment alone, identification of additional factors that lead to the development of tinnitus or a decrease in QoL may be helpful to understand the pathophysiology Background and Objectives We aimed to evaluate the effect of the level of education on the prevalence of tinnitus and quality of life (QoL) in the Korean population. Subjects and Method Our study included 3155 participants from a representative sample. Tinnitus was measured using questionnaires that evaluated perception of ringing, buzzing, roaring, or hissing sounds. Participants were asked to indicate "Yes" or "No" to these questions. Participants who felt that the sensation was "A little annoying" or "Very annoying" were considered to have moderate or severe tinnitus, respectively. Hearing thresholds were measured using an automatic audiometer. QoL was evaluated using the EuroQoL (EQ) scale. Results The number of participants in the low, middle, and high education groups were 1521, 967, and 667, respectively. Participants with any degree of tinnitus or moderate to severe tinnitus increased as the level of education decreased. Multivariate logistic regression analysis showed that the low education group had significantly higher odds ratios compared to the middle or high education groups for moderate to severe tinnitus. Abnormal EQ 5-dimensions (EQ-5D) were higher in participants with tinnitus and a low level of education. For participants, univariate and multivariate analyses showed EQ-5D index and EQ-visual analog scale in the low education group were lower than that in the other groups. Conclusion Our study showed that low education level was associated with moderate to severe tinnitus in the Korean adult population. Participants with tinnitus and a low level of education had poorer QoL than those with tinnitus and a high level of education.
Introduction
and aid in the management of patients with tinnitus. Participants with a low education level have lower self-esteem, cognitive, and control capacities compared with those with a higher education level. 7) Regarding the association between tinnitus and psychologic factors, positive effects of education level on tinnitus or QoL are expected. However, not many studies have addressed the association between the level of education and prevalence of tinnitus, and the results have been inconclusive. Shargorodsky et al., 1) in a study among the US population, showed no such association; However, Fujii et al., 2) in a Japanese study showed a lower odds ratio for tinnitus in men with a higher level of education. In addition, few studies have addressed the effect of education level on QoL in patients with tinnitus. We aimed to evaluate the effect of the level of education on the prevalence of tinnitus and QoL in the Korean population.
Subjects and Method

Study population
We conducted the study between 2010-2012 using data from the Korean National Health and Nutrition Examination Survey (KNHANES). This is a representative sample of a national, multi-stage, stratified survey of the Korean population. The sample included 13132 participants aged between 40-80 years. We excluded 9583 participants due to missing clinical data. Trained otologists examined the both tympanic membrane of participants. We excluded subjects with abnormal findings on the tympanic membrane (n=394). Thus, 3155 participants were included in the final analysis. None of the participants had a history of otitis media. Local Ethics Committee approval was obtained for our study. The board waived the need for informed consent because the subjects' records and information were anonymized and de-identified prior to the analysis (IRB No. KNUH 2017-11-005-001).
Study variables
We collected clinical, demographic and laboratory data including those regarding: age, sex, body mass index (BMI; kg/ m 2 ), history of diabetes mellitus (DM), hypertension (HTN), smoking, alcohol consumption, cerebrovascular accident (CVA), dyslipidemia, depression, and stress related disorders. We also collected data on occupation, household incomes (1000 won/ month), average hearing thresholds (AHT), and QoL scores.
The education level was divided into low (less than high school), middle (high school), and high level of education (col-lege or more). DM was defined as fasting glucose level ≥126 mg/dL, a self-reported history DM, or the use of anti-diabetic medication. HTN was defined as blood pressure ≥140/90 mm Hg, a self-reported history of HTN, or the use of anti-hypertensive medication. Smokers were classified as current smokers, ex-smokers, or non-smokers. Non-smokers were defined as individuals who had smoked <100 cigarettes in their lifetime, ex-smokers were those who had smoked ≥100 cigarettes in their lifetime and had ceased smoking ≥1 year prior to the survey, current smokers were those who had smoked ≥100 cigarettes in their lifetime or had ceased smoking <1 year prior to the survey. Alcohol consumption was classified according to the Korean definition of standard drinking, based on the World Health Organization classification, 9) intake into the 3 categories: abstinence (no alcohol consumption during the 12 months prior to the survey), moderate consumption (women, 0.1-19.99 g of pure alcohol/day; men, 0.1-39.99 g of pure alcohol/day), and heavy consumption (women, ≥20 g of pure alcohol/day; men, ≥40 g of pure alcohol/day).
Cerebrovascular accident was defined as a self-reported history of ischemic or hemorrhagic stroke; Coronary artery disease was defined as a self-reported history of angina or myocardial infarction. Depression, osteoarthritis, rheumatoid arthritis, and dyslipidemia were defined based on self-reports. We classified occupation according to the intensity of physical activity involved into three groups: non-labor intensive (manager, expert, specialist, clerk, service worker, sales person, technician, mechanic, production worker, or engineer), labor intensive (farmer, fisherman, or laborer), or no-occupation group (unemployed). Stress level was evaluated based on self-assessment by the participant and classified as no stress, or mild, moderate, and severe stress.
Survey of tinnitus and hearing thresholds
We evaluated tinnitus using questionnaires that evaluated perception of ringing, buzzing, roaring, or hissing sound, as previously reported. 3) Participants were asked to indicate "Yes" or "No" to these questions. If the answer was "Yes," they were asked, "Do these sounds bother you?" and had to choose between "No," "A little annoying," or "Very annoying." Participants who felt that the sensation was "A little annoying" or "Very annoying" were considered to have moderate and severe tinnitus respectively. History of exposure to explosive and occupational noise was sought for and classified as positive or negative. An explosive noise was defined as a sudden loud noise, similar to that arising from and an explosion or a gun-shot. Exposure to occupational noise was considered positive if participants had worked in a location with loud machinery for ≥3 months. Exposure to loud noise defined as the needed to raise the voice to carry out a conversation. Hearing thresholds were measured using an automatic audiometer at 0.5, 1, 2, 3, 4, and 6 kHz. AHT was calculated as the pure-tone average of the thresholds at 0.5, 1, 2, and 3 kHz, bilaterally. Hearing loss (HL) was defined as an AHT of >25 dB.
Survey for QoL
QoL was evaluated using the EuroQoL (EQ). 10) EQ consists of two parts including a health-status descriptive system (EQ 5-dimension, EQ-5D), and the EQ-visual analogue scale (EQ-VAS). EQ-5D consist of five dimension: mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. For each dimension, participants chose between "No problem," "Some problems," or "Extreme problems" depending on their state of health. If participants responded "Some problems" or "Extreme problems" to any dimension, they were classified as abnormal. For EQ-VAS, participants answered the question "How is your state of health today?" on a scale ranging from 0 (worst health) to 100 (best health). The EQ-5D index was calculated using a combination of responses to EQ-5D and the scoring algorithm from the Korean value set. 11) Scores ranged from 0 (worst health, equivalent to death) to 1 (optimal health).
Statistical analyses
Data were analyzed using SPSS statistics software package (version 23; IBM Corp., Armonk, NY, USA). Chi-square test was used to analyze non-continuous data. One-way analysis of covariance, followed by a post-hoc Tukey comparison, or t-test was used to analyze continuous data. Logistic regression analysis was used to analyze the association between education level and tinnitus. Multivariate analysis was performed for logistic regression or analysis of covariance. Multivariate analysis was performed to adjust for age, sex, BMI, comorbidities [DM, HTN, CVA, coronary artery disease (CAD), osteoarthritis, rheumatoid arthritis, depression, and dyslipidemia], smoking, alcohol consumption, AHT, occupation, household income, exposure to occupational or explosive noise, and stress level. If the association between education level and QoL in participants with tinnitus was analyzed, the severity of tinnitus was added as a covariate.
Although multivariate analysis was performed, most baseline characteristics were different among groups. To adjust for differences in baseline characteristics between the low education group and middle or high education groups (collectively, non-low education group), we estimated propensity scores using logistic regression models using the following variables: age, sex, BMI, comorbidities (DM, HTN, CVA, CAD, osteoarthritis, rheumatoid arthritis, depression, and dyslipidemia), smoking, alcohol consumption, AHT, occupation, household income, exposure to occupational or explosive noise, and stress level. Participants in the low education group were matched with participants in the non-low education group using a 1:1 nearest neighbor matching without replacement and with a matching tolerance (caliper) of 0.2; the nearest neighborhood matching was based on propensity scores. A p-value of <0.05 was considered statistically significant.
Results
Clinical characteristics
The number of participants in the low, middle, and high education groups were 1521, 967, and 667, respectively (Table 1). Participants in the high education group were younger. AHT increased with a decrease in education level. Household income was higher in participants with a higher level of education. The prevalence of comorbidities (DM, HTN, CVA, CAD, osteoarthritis, rheumatoid arthritis, dyslipidemia, and depression) was lower with a higher level of education. The number of current smokers was higher in participants with higher level of education. In the low education level group, there were more participants who were involved in labor intensive occupation or had no occupation. Participants without stress were highest in the low education group among the three groups. Fig. 1 shows the distribution of participants according to the presence or severity of tinnitus. The number of participants with any degree of tinnitus was 413 (27.2%) in the low education group, 173 (17.9%) in the middle education group, and 105 (15.7%) in the high education group (p<0.001). Those with moderate to severe tinnitus was 186 (12.2%) in the low education group, 41 (4.2%) in the middle education group, and 27 (4.0%) in the high education group (p<0.001). Participants with any degree of tinnitus or moderate to severe tinnitus increased as the level of education decreased. Logistic regression showed no significant correlation between tinnitus and education level ( Table 2 ). However, multivariate lo-gistic regression analysis showed that the low education group had significantly higher odds ratios of 1.62 [95% confidence interval (CI): 1.01-2.61] compared to the high education group, and 1.78 (95% CI: 1.20-2.64) compared to the middle education group for moderate to severe tinnitus.
Association between education level and tinnitus
Association between education level and EQ-5D dimensions in participants with tinnitus
The numbers of participants in the low, middle, and high education groups who experienced tinnitus was 413, 173, and 105, respectively. Participants who had problems with mobil-ity included 153 (37.0%) in the low education group, 21 (12.1%) in the middle education group, and 6 (5.7%) in the high education group (p<0.001). Regarding self-care, 42 (10.2%) participants had problems in the low education group, 4 (2.3%) in the middle education group, and 1 (1.0%) in the high education group (p<0.001). 106 (25.7%) participants had problems with usual activities in the low education group, while 14 (8.1%) in the middle education group, and 3 (2.9%) in the high education group had problems (p<0.001). Pain/discomfort was experienced by 180 (43.6%) in the low education group, 35 (20.2%) in the middle education group, and 22 The data are expressed as counts (percentages) for categorical variables and as mean ± standard deviations for continuous variables. p-values were tested by one-way analysis of variance, followed by a post-hoc Tukey comparison for continuous variables and χ 2 test for categorical variables. * p＜0.05 vs. the low education group, † p＜0.05 vs. the middle education group (21.0%) in the high education group (p<0.001). Anxiety/depression was experienced by 87 (21.1%) in low education group, while 23 (13.3%) in middle education group, and 10 (9.5%) in the high education group experienced anxiety/depression (p=0.005). Abnormal EQ-5D dimensions were higher in participants with a low level of education.
Association between education level and EQ-VAS or EQ-5D index in participants with tinnitus
For participants with tinnitus, EQ-5D indexes in the low, middle, and high education groups were 0.86±0.17 [mean± standard deviation (SD)], 0.95±0.08, and 0.97±0.06, respectively (p<0.001) ( Fig. 2A) . On multivariate analysis, EQ-5D indexes in the low, middle, and high education groups were 0.88±0.01 [mean±standard error (SE)], 0.92±0.01, and 0.94±0.01, respectively (p=0.003). EQ-VAS in the low, middle, and high education groups were 65.2±21.4 (mean±SD), 72.7±17.5, and 77.0±13.9, respectively (p<0.001) (Fig. 2B) . On multivariate analysis, EQ-VAS in the low, middle, and high education groups were 66.8±1.0 (mean±SE), 70.5±1.6, and 74.3±2.1, respectively (p=0.010). On univariate and multivariate analyses, EQ-5D index and EQ-VAS in the low education group were lower than that in the other groups.
Subgroup analysis according to HL
Participants with tinnitus were divided into two groups based on the presence of HL. 309 participants (239 in the low education group, 47 in the middle education, and 23 in the high education group) had HL, while 382 (174 in the low education group, 126 in the middle education group, and 82 in the high education group) did not. We analyzed the distribution of participants with abnormal EQ-5D dimensions ( Table  3 ). Regardless of the presence of HL, most EQ-5D dimensions, EQ-5D index, and EQ-VAS showed similar trends, with lower QoL scores as education level decreased.
Analysis using propensity matched cohorts
For propensity analysis, we divided participants into low and non-low education groups with 782 matched pairs. The estimated distribution of propensity scores was similar after matching between low and non-low education groups (Supplementary Fig. 1 ). After matching, baseline characteristics except occupation were not significantly different between the two groups (Supplementary Table 1 ). The number of participants with any tinnitus was 177 (22.6%) in the low education group and 156 (19.9%) in the non-low education group (p=0.195). Those with moderate to severe tinnitus was 70 Fig. 1 . The presence or severity of tinnitus according to education level. The number of participants without tinnitus, with mild, moderate, or severe tinnitus was 1180 (72.8%), 227 (14.9%), 160 (10.5%), and 26 (1.7%) in the low education group, 794 (82.1%), 132 (13.7%), 37 (3.8%), and 4 (0.4%) in the middle education group, and 562 (84.3%), 78 (11.7%), 23 (3.4%), and 4 (0.6%) in the high education group (p<0.001), respectively. Table 2 . Participants who had problems with mobility, usual activities, or experienced pain/discomfort were higher in the low education group compared to the non-low education group. On multivariate analysis adjusted for occupation and severity of tinnitus, EQ-5D index in the low and the non-low education groups were 0.91±0.01 (mean±SE) and 0.94±0.01 (p=0.009). EQ-VAS in the low and the nonlow education groups were 69.7±1.3 (mean±SE) and 74.2± 1.4 (p=0.024) respectively. There were significant differences in EQ-5D index and EQ-VAS between the low and nonlow education groups on univariate and multivariate analysis.
Discussion
Our study revealed that a low education level is associated with moderate to severe tinnitus among the Korean adult population. For subjects with tinnitus, low education level was associated with poor QoL scores. Subgroup analysis of participants with HL was also similar to those including all participants.
First, we evaluated the association between education level and tinnitus in the Korean adult population. Although the exact mechanisms behind the association between education level and tinnitus are unknown, some researchers suggest that low education levels lead to less effective coping strategies, diminished self-esteem, with lower cognitive and control capacities in a given situation. 7, 11) These may, in turn, lead to a high prevalence of tinnitus in subjects who have a low level of education. However, there are other studies that failed to identify an association between tinnitus and the level of education. Shargorodsky et al. 1) on analysis of the NHANES data showed that the prevalence of tinnitus was generally higher with a low level of education; however, variable adjusted odds ratios did not reveal statistical significance. Two studies among the Japanese population evaluated the prevalence of and risk factors for tinnitus. 2, 12) They also analyzed education level as a potential risk factor; however, statistical significance was only in one study. 2) The positive result was shown solely among men, with multivariate analysis adjusted only for age. A study among the Korean population showed a positive association between education level and tinnitus on univariate analysis; however, the association was not significant on multivariate analysis. 3) These negative studies results used any degree of tinnitus as a dependent variable. [1] [2] [3] 12) However, other studies have shown a positive association between education level and severity of tinnitus. 7, 13) These conflicting findings (positive association between education level and severity of tinnitus and negative association between education level and prevalence of tinnitus) suggest that education level is not associated with the prevalence of any tinnitus, but the association may hold true for high grade tinnitus. Our study showed that education level was not associated with any tinnitus; however, there was a positive association between education level and moderate to severe tinnitus as observed on univariate, multivariate, and propensity analyses. Second, we evaluated the effect of education level on QoL scales in participants with tinnitus. Many clinicians accept the effect of tinnitus on QoL; the impact of tinnitus on QoL varies from no effect to development of suicidal ideation. 14) However, there are few studies that have addressed the influence of tinnitus on QoL in participants with tinnitus, except in subjects with HL and severe tinnitus. 5, 6) Although there are few studies regarding the association between education level and QoL in participants with tinnitus, some factors may influence the relationship between these variables.
A meta-analysis of eight randomized controlled trials showed a favorable effect of psychological and cognitive behavioral therapy on QoL in subjects with tinnitus. 15) A clinical practice guideline based on these results recommends psychological therapies rather than use of medication for tinnitus. 8) Effectiveness of psychological therapy in tinnitus may constitute indirect evidence that supports the association between education level and QoL in subjects with tinnitus. Psychological therapy such as cognitive behavioral therapy is based on cognitive restructuring of thoughts and exposure to inducing fac-tors through education and/or counseling. 15) Participants with a high level of education may be more amenable to such therapy than those with a low level of education. In addition, in our study, participants with a high level of education had higher income and less labor-intensive occupation than those with a low level of education. In Korea, most hospitals are in metropolitan cities, while participants such as farmers or fishermen reside far away from cities. 16) The type of occupation, poor income and a low level of education may be associated with less access to health case. Although our data did not include the presence, frequency, or modality of treatment for tinnitus and accessibility for hospital, future studies including effect of psychologic therapy or hospital accessibility according to the level of education may be interesting.
Our study has several strengths. First, our cohort included clinical data on evaluation of the tympanic membrane and the presence of otitis media; tympanic membrane abnormalities or a history of otitis media could influence of development of tinnitus and affect QoL. We were able to exclude these factors by performing otological examination on all participants. Second, we evaluated the association between variables in detail using appropriate statistical methods. In our cohort, baseline characteristics were different between groups, which may have confounded analysis. However, we performed multivariate, subgroup and propensity matched analysis to adjust for the difference in baseline characteristics. In addition, we performed subgroup analyses according to the presence of HL, which is closely associated with the prevalence or severity of tinnitus. Third, we adjusted for potential confounding factors using multivariate analyses and used for propensity matching. Thorough evaluation for comorbidities was another strength of our study, although the association between comorbidities such as DM, HTN, CVA, CAD, osteoarthritis, rheumatoid arthritis, dyslipidemia, or depression and tinnitus are controversia. 10, [17] [18] [19] DM, HTN, CVA, CAD, and the drugs used to treat these conditions, including aspirin, may also influence. 1, 17, 18) In addition, osteoarthritis and rheumatoid arthritis could influence tinnitus by an autoimmune mechanism or by medication including non-steroidal anti-inflammatory drugs. [17] [18] [19] Our study has some limitations. First, our study design was retrospective cross-sectional. We did not evaluate a cause and effect-relationship between education level and outcomes. Second, exclusion rate was high, with 9977 (76.0%) participants being excluded mainly due to incomplete data. The high exclusion rate may have led to a selection bias. Third, we did not evaluate the presence and grade of tinnitus using a tinni-tus specific instrument such as Tinnitus Handicap Inventory. Fourth, we did not evaluate the impact of drug treatment or access to health care.
In conclusion, our study showed that low education level was associated with moderate to severe tinnitus in the Korean adult population. Participants with tinnitus and a low level of education had poorer QoL than those with tinnitus and a high level of education. Prospective studies including additional data using a tinnitus-specific instrument and details of various treatment modalities are needed to assess a potential cause and effect-relationship between variables that may impact the prevalence and severity of tinnitus. Supplementary Fig. 1 . Distribution of propensity scores before and after matching. The distribution of propensity scores before matching differed between the low education and non-low education groups, but there was no difference after matching. 
